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LONG-TERM GOALS

An interdisciplinary mooringiéld sudy was condcted in the Arabian Sea (October

1994 - November 1995) as part of the ONR Forced Uppeaf®Dynamicsi®gram
activities in the region. The Arabian Sea presents a very unique environment for study
of bio-optical and physal processes and their interactions. This region is attractive
because of its regular and intense atmospheric forcing which causes extreomgly st
responses in both the physics and biology of the upper layer. Thasnidahranges in
measuregbropeties are great, enabling us to apply and test time dependent
interdisciplinary models relevant to bio-optical prdpes and cebon fluxes.

SCIENTIFIC O BJECTIVES

Our work addresses severalentific questions, allows testing of specifigpotheses,
and provides conlpmentary dat&r cdlaborating scientists. Key questions include:

1. What are the dominant scales of coupling between atmosfirerity and
physcal/bio-optical reponses (e.g., mixed layer andasification evolution,
phytoplankton blooms and busts)?

2. What are the roles of internal gravity and inertial waves, episodic wind events,
monsoons, and seasonal ilatmn with respect to biologicgdhyscal processes and their
couplings?

3. To what degree can pliwal/bio-optical/biologicaldynamics be explained using
local (one-dmensional) models? What are thep@sses of the mixed and euphotic
layers to advective features such as filaments and eddies?

4. How can horizontahformation (e.g., atellite surface temperatur@pography, and
color data, shp-based underway and tow-yatd) be synthesized withaoring data?

5. Do phytoplankton blooms significantly affect water column hegastratification,
and horizontal arrents?

APPROACH
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The ONR Forced Upper Ocean DynamiE®lQOD) Rogram tilized an array of 5 deep
ocean noorings placed beneath the axis of the Findlater Jetidly §hkages between
large-scale patterns of wind speed and dioegtbcean circuladin, and biological

production in near surface waters. The centrad@@dé Hole Oceanographic tiation,
WHOI) mooring was loated at 1530°N, 61° 30’'E, the center of a 50km square with
other moorings placed at theraers. The observations of primary interest for the present
work were made from instruments deployed from the central (WHOI) mooring during
two separate deployments (Octoti&r 1994-April 20, 1994 and April 22, 1995-October
20, 1995). Two multi-variable moored sgss MVMS) were deployed bypur group at

35 and 80m. The MVMStilizes a VMCM to measureucrents andemperature with a
pressure case mounted thermistor. Inside this pressure case is a micro-controller, hard
drive, and sensor interfacing circuitry. The micro-cdigr&commands the VMCM as

well as the other attached sensors. A variety of other sensors are used to measure
photosynthetic available radiation (R natural fluorescence or upiling radiance at
683nm, imulated fuorescence,dam attenuation coefficient, and dissolexggen.
Conductivity was also measured at 35m. All data were samp&@5ahin intervals.

Two other MVMSs were deployed by LDEO at depths of 10 and 65m. The sensor suite
was similar to that of the UCSB MVMSs.

WORK COMPLETED

Our MVMS interdisciplinary syems with sampling intervals of a few minutes were
placed on a moring berath the axis of the Findlater Jet in Octob@94 for 6 months

and again in April of 1995. Remote sensiragad ship ADCP data and ship tyw data

have been used to assist in the interpretation of this highly variable environment. The
data retirn from the central mooring was very good considering such a harsh
environment to operatendervater electronics. Two dataperts, a M.S. thesis, and a
paper describe early results (Sigurdson et al., 1995, 1996; Sigurdson, 1996; Rudnick et
al., 1997). Other papers have beemsitifed to a special volume of Deep-Sea Resaerch.

RESULTS

The FUOD nooring instrumented with optical and pfoa sensors within thepper

300 m was deployed for two consecutive 6-month periods (October 15, 1994 through
October 20, 1995; sampling intervals of a few minutes) in the central Arabian Sea (15°
30'N, 61° 30'E). Both the northeast and southwest monsoons were observed. During
the NE monsoon, wind speeds averaged 6 m/ seawhed up to 15 m/dring the SW
monsoon. Intermonsoon were cheterized by weak and variable wind$ho8wave
radiation anghotosynthetically available radiation (PAR) displayed biannual cycles,
peaking during the intermonsoon periods. The maximum winter mixed layer depth
(MLD, ,..~~110 m) was deeper than thersuer mixed layer (MLD...~80 m), primarily
because of surface cooling and convection. A biannuzé ¢y chlorophyll was evident
with greater values oacring duringeach monson and into the intermonsoon periods.
High chlorophyll values ass@ted with cool mesoscale features were also apparent
duringeach monson. These mescale features and others have been documented
using remotely sensed sea-surface height anomaly maps. Time series of the 1% light



level depth, h,, tracked the depth-integrated atdphyll. In general, ) was deeper than
MLD, ,..during the latter half of the spring intermons (low chlorophyll periods) and
shallower than ) during the latteportions of the monsoons (high chlorophyll periods).
The highest mixed layer radiant heating ratesioed during the intermonsoon periods
with peak values greater tharl5 °C d for MLD, .. These values are consistent with
those previously suggested for the central Arabian Sea. Our residegénihat
biological variability is inportant for the seasonal varibiy of the upper @ean heat
budget of the

IMPACT/APPLICATION

Improved understanding eémporal variations of thehyscal and optical propées of

the upper oean in the Arabian Sea has resuftedh our advanced sampling sgss

and analyses. The sources of temporal variables on time Boateminutes to seasons
are being identified. Predictive modeling of interdisciplinary processes is being made
possible through our research efforts. Our work is also importargl&gmgupper

ocean particle fluxes with those at depth.

TRANSITIONS

Results from the present worklWbe valuable for developing models of piga and
optical variability in complex regions where differing water masses merge and where
mesoscale features are ubiquitous and energetic.

RELATED PROJECTS

One of the great strengths of the Arabian @®gram was the large number of
collaborating scientists whose data sets complemanvwn anddcilitate the
interpretation obur obserations. Complementary shipboarata will be valuable. In
particular, verticaprofiling and tow-yoing (SeaSoar) of bioogal sensors anghyscal
and satellite data indicating surface features in ocean temperatunergardscare
valuable. In addition, airplane based observations provided neacesind-optical

data and a sediment traparing located neasur mooring array provided inforation
concerning flux of particulate matter to depth. The collective data sets are critical for
bio-optical and physal modelers.
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